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ABSTRACT 
Feed shortage and low quality of available feeds are constraints for livestock production in the 
highlands of Ethiopia. Improved fodder production combined with appropriate postharvest 
handling practices have been practiced to alleviate the problems. The objective of this study was 
to evaluate the perception of farmers on improved fodder and quantify the effects of improved 
fodder in livestock performance, forage yield and quality of intercropped oat-vetch and benefits 
obtained from the fodder production. The study involved both field observation and 
questionnaire with 40 purposively selected livestock owners who practiced improved fodder 
production. The effect of cultivated oat-vetch supplementation on daily body weight gain and 
milk yield was quantified using 8 oxen, 7 cows and 3 sheep. Forage biomass yield on dry matter 
(DM) basis was calculated after drying a sample of 300g green forage in an oven at 600c for 48 
hours .data analysis for Statistical analysis system (SAS) was used to carry out descriptive 
statistics on questionnaire data and field observation variables.  Feed shortage has been a major 
constraint for animal production during dry periods and farmers use different coping 
mechanisms ranging from purchasing of feeds from the market and destocking unproductive 
animals. The majority of the interviewed households practice irrigation and produce cultivated 
fodders such as oat-vetch, alfalfa, phalaris and elephant grass. The oat-vetch mixture DM yield 
in Embahasti (8.71 t/ha) was significantly higher than that in Tsibet (6.48 t/ha), (P<0.05). The 
mean DM, Ash, OM, CP, NDF, ADF and ADL content of oat-vetch mixture were 94.4, 8.9, 91.1, 
11.9, 65.9, 45.9 and 6.1, respectively. The TIVOMD (%) and ME (MJ/kg DM) of oat-vetch 
mixture were also 60.2 and 8.85, respectively. All respondent farmers replied that 
supplementation of cultivated fodders to their animals have resulted in positive impact on milk 
yield, body weight gain, health and coat color of their animals. On-farm observation of the 
performance of animals indicated that supplemented  cows, oxen and  sheep were able to gain 
293, 265 and 88.9 g of weight per day respectively,. The average daily gain of crossbreed cattle 
and local cattle breed were 161 and 307g, respectively. Moreover, the oat-vetch supplementation 
resulted in daily additional milk yield of 2.33 liters per cow for crossbreed cattle, and 1.0 liters 
per cow for local cattle. Development of fodder plants, such as herbaceous forage legumes and 
fodder trees species in their farm land can mitigate the constraints of feed scarcity and improves 
livestock productivity. The study recommends the development of fodder plants, such as 
herbaceous forage legumes and fodder trees species in their farm land which can mitigate the 
constraints of feed scarcity and their expensive price. 
 
Key words: breeds, oat-vetch mixture, productivity, crossbreed, body weight, milk yield 
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CHAPTER ONE: INTRODUCTION 
 
1.1. Background and Justification 
 
Ethiopia has the largest livestock population in Africa estimated at about 56.71 million head of 
cattle, 29.33 million sheep, 29.11 million goats, 7.43 million donkeys, 2.03 million horses,0.4 
million mulls, 1.16 million camels, 56.87 million poultry and 5.89 million beehives (CSA, 2015). 
Livestock production in Ethiopia contributes up to 80% of the farmers income 18% of the overall 
GDP  (Alemayehu 2004), 45% of the agricultural GDP (including draught power), above 20% of 
all the national exports (official and cross border trade) and 5% of the total manufacturing 
GDP(IGAD, 2010). In addition to direct income benefits, livestock provides indirect benefits, 
such as fuel and fertilizer from animal manure and draught power for farm production. 
 
Inspite of its large numbers, the country’s livestock productivity is low. In addition to animal 
health problems, lack of adequate quantity and quality of feed is a major factor in poor livestock 
productivity. The use of improved feed is limited (0.3%) in rural areas of Ethiopia (CSA, 2015). 
Native pasture grass (56.23%) is the major feed resource followed by crop residue 30.06% 
(CSA, 2015). Hay and by-products are also used as animal feeds that comprise about 7.44% and 
1.21% of the total feeds, respectively (CSA, 2015). However, animal feed shortage remains the 
main constraint on productivity in both the lowlands and highlands. 
 
Highlands of Ethiopia are characterized by mixed farming systems in which its climatic factors 
are conducive for farming of crops and raising livestock. In this system, livestock and crops are 
maintained as complementary enterprises. However, livestock is an essential component of the 
overall farming system and contributes up to 87% of the cash income of smallholders and the 
major species of farm animals of the country, except camels, are found in this farming system 
(NABC, 2010). Although dominated by cereal crops production, the diet of the people is 
composed of cereals, vegetables, meat and milk (IBC, 2004).  
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Livestock husbandry is also the main integral part of farming systems in Tigray. In rural areas of 
the region, livestock serve as a source of draught power, cash income and food supply to farming 
households, animal dung for fuel organic fertilization and serve to transport goods and people.  
Forages are effective in increasing milk yields by as much as 50% (ILRI, 2009). Additionally the 
use of improved forages reduces the pressure on natural pastures, improve soil fertility and 
erosion on marginal lands, improve carbon sequestration to mitigate climate change, support 
system sustainability, and enhance natural assets and system resilience (ILRI, 2009). 
 
Introduction, promotion and utilization of improved and interesting multipurpose forage crops 
(legume and grass), and tree forages through integration with food crops cultivation in the mixed 
crop-livestock system in Ethiopia started in the 1970s to supplement the roughage feed resources 
(EARO, 2002). Hay produced from natural grasses, improved forage legumes and browse 
legumes is the most appropriate conserved forage for small scale fattening or dairy production in 
Ethiopia (Alemayehu, 2002). 
 
International Livestock Research Institute (ILRI) has promoted access to forage seeds to enhance 
the use of forages in sustainable farming systems in Sub-Saharan Africa. ILRI had been the 
major supplier of forage seeds in the region, providing over 7000 samples of 60 best  lines of 
forage legumes, grasses and fodder trees to development workers, ministries, NGOs and farmers 
since 1990 and tries to work with national programs on disease-resistant Napier grass varieties to 
support the scaling out of smallholder dairy activities across East Africa (ILRI, 2009). 
 
1.2. Statement of the Problem 
 
The crop-livestock systems in the Ethiopian highlands are under stress because of shrinking 
cultivated areas per household due to high rate of population growth, land degradation and 
reduced pasture land due to gradually turning into crop fields (Funte et al., 2009). This has led to 
reduction in grazing areas and consequently to shortage of feed to livestock. As a consequence, 
crop residues have become the dominant ruminant feed resources in the highlands of Ethiopia 
accounting up to 30-80% of the diet of ruminant livestock (Funte et al. 2009). These feed 
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resources are characterized by their inherent nutritional deficiencies, and are generally low in 
nitrogen, energy, vitamins and minerals (Solomon, 2003). 
 
Feed shortage and low quality of available feeds have become the major constraint for livestock 
production in the highlands of Ethiopia. The feed shortage becomes more severe during the long 
dry period when green forage is rarely available. The most common type of animal feeds are 
predominantly high-fiber feeds, which are incomplete in nutrients (nitrogen, sulfur, phosphorus, 
etc.) necessarily for microbial fermentation (Osuji et al., 1993). These constraints result in low 
milk and meat yields, high mortality of young stock and retarded growth, longer parturition 
intervals, and low animal weights. Availability of quality livestock feed is important for 
improving the productivity of the livestock sector. Improved animal disease and parasite control, 
breeding and management will also be important, but initially a major emphasis must be placed 
on providing better nutrition (Whiteman, 1980).    
 
Improved fodder production combined with appropriate postharvest handling practices is 
believed to solve some of the critical feed shortages and quality problems. Production of 
herbaceous and tree forage legumes through intercropping with cereal crops to serve as 
supplemental feeds can be among the potential options to improve nutrient supply to livestock 
(Melaku et al., 2003). Cultivation of these forage legumes can also play complementary role to 
crop production through improving soil fertility. Therefore, cultivation of oat/vetch mixture is 
important since oats-vetch is suitable for intercropping to supply the feed shortage both in 
quantity and quality existing in the study area. In the African RISING research sites, the 
intercropped fodder has been observed to yield high biomass (11-19 tons/ha DM under rain fed 
condition) of good quality fodder which is rich in both protein (15%) and energy (9.5 MJ ME/kg 
DM) (ILRI, 2009). 
 
However, information on yield performance, nutrient composition and their effect in the 
performance of livestock at farm level is scarce. Hence knowing the biomass yield and nutrient 
composition, their effect in livestock productivity and understanding the perception of farmers 
regarding benefit of oat-vetch mixture production is important to improve livestock feed in 
quantity and quality. Therefore the objectives of the experiment were to evaluate   the effects of 
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improved fodder (oat-vetch mixture) in livestock performance, forage yield and quality in this 
study area. 
 
1.3. Objectives 
 
1.3.1. General Objectives 
 
To evaluate on-farm level evaluation of the yield, effect on livestock performance of 
intercropped oat-vetch   in the study area.  
 
1.3.2. Specific Objective 
 
 To quantify the biomass yield, management and utilization practices of improved forage 
plants in the study area 
 To determine the nutritional composition of oat-vetch fodder grown in the study area 
 To evaluate the effect of feeding Oat-vetch fodder on livestock production performance  
 
1.4. Research Questions 
 
The main research questions in this study were of the following;  
 What are the current livestock feed resources in Endamehoni district?  
 What are the main fodder tree, herbaceous, and grass species in Endamehoni district?  
 What are the management and utilization systems of improved forage plants in 
Endamehoni district? 
 What are the effects of feeding Oat-vetch fodder on milk yield and body weight gain?  
 What future interventions can solve the current problems in forage availability?  
 What look like the chemical composition of oat-vetch mixture? 
 
1.5. Research hypotheses 
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1. Different feed resources have the same economic values for local people 
2. Oat-vetch feeding has the same effect with hay and straw feeding on livestock production        
Performance (milk yield and body weight gain). 
3. The oat and vetch intercropped in Embahasti and Tsibet have the same biomass yield and 
nutrient composition 
 
1.6. Significance of the study 
 
The livestock population of the district is 77,000 cattle, 51,531 goats, 71,229 sheep, 12,010 donkeys, 
240 horses, 54 camels and 461 mules which directly depend on grazing land resources for feed 
and water. However, gradual conversion of grazing land into crop cultivation lands reduced the 
available forage resources for the existing livestock. This has led to reduction in grazing areas 
and consequently to shortage of feed to livestock. This specific study will enable to understand 
the benefits and opportunities for the smallholder farmers to cultivate improved fodders in their 
farm land to solve the chronic feed shortage problems and hence enhance the productivity 
potential of their animals. Moreover, this farm level evaluation could assure the empirical 
contribution of the introduced forage species at farm level. 
 
 It can also provide valuable information to smallholder farmers on the effect of feeding 
improved fodder on the performance of animals. In addition, it is also informative to 
beneficiaries on the chemical composition of the oat-vetch. 
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CHAPTER TWO: LITERATURE REVIEW 
 
2.1. Livestock Production Systems in Ethiopia 
 
The diversity of Ethiopia's topography, climate and cultural conditions make it difficult to 
generalize about livestock production systems in the country (Alemayehu, 1985). There are 
about five livestock production system in Ethiopia identified as pastoral, agro-pastoral, mixed 
crop-livestock farming, urban and peri-urban dairy farming and specialized intensive dairy 
farming systems (MoA, 1997; Yoseph, 1999; Mohammed et al., 2004; Yitay, 2007). Mixed 
crop-livestock systems associated with growing annual and perennial crops mainly in the 
highlands, semi-extensive agro-pastoral systems that integrate animals with cropping in warm 
and semi-arid areas, and extensive pastoralist in arid and semi-arid rangelands. The mixed-crop 
livestock system is characterized by varying degrees of crop livestock integration, including use 
of crop residues, draught power and manure. A wide range of cereals, oil crops, food legumes 
and perennial crops are grown. Cattle are reared for draught, seasonal milk and meat production 
(Alemayehu, 2004).  
 
The semi-intensive agro-pastoral system comprises a mix of former pastoralists who have taken 
up various forms of small-scale crop production as well as maintaining a less extensive form of 
pastoral livestock production (Sileshi et al, 2001). In the extensive pastoral systems, livestock 
rearing is the mainstay of people, and livestock and livestock products provide subsistence, 
either directly as milk, milk products, meat and blood, or indirectly to purchase cereals (Zinash et 
al., 2001; Alemayehu, 2004). 
 
 In the lowland agro-ecological setup with pastoral production system, livestock do not provide 
inputs for crop production but are the backbone of life for their owners, providing all of the 
consumable and saleable outputs and, in addition, representing a living bank account and form of 
insurance against adversity (Coppock, 1994). This system is characterized by sparsely populated 
pastoral rangelands, where subsistence of the pastoralists is mainly based on livestock and 
livestock products. The livestock husbandry in this system is dominated by goats, cattle, sheep 
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and camels. Since the main source of food is milk, pastoralists tend to keep large herds to ensure 
mainly sufficient milk supply and generate income (IBC, 2004). 
 
Agro-pastoral form of livestock production system dominates in mid agro-ecological zones 
where a tendency for crop production has shown besides livestock production (Sileshi et al., 
2001). Agro-pastoralists are sedentary farmers who grow crops and raise livestock. Livestock are 
used for draught, savings and milk production. The production system is subsistence type of milk 
and/ or meat production, cattle and small stock play a critical role in the agro-pastoralist 
household economy. Agro-pastoralists tend to retain female stock to produce milk and to 
maintain the reproductive potential of the herd. Oxen are also important for draft so that stock 
sold tend to be oxen and cows, which have lost their productive capacity (Sileshi et al., 2001). 
However, because average herd size is generally low, many herders are increasingly forced to 
sell young males and even females of optimum reproductive age (Sere et al.,1995). 
 
 In the highland livestock production system, animals are part of a mixed subsistence farming 
complex (Mengistu, 1987). Livestock provide inputs (draught power, transport, manure) to other 
parts of the farm system and generate consumable or saleable outputs (milk, manure, meat, hides 
and skins, wool, hair and eggs) (Alemayehu, 2004). About 88% of the human population, 70% of 
cattle and sheep, 30% of goats and 80% of equines are found in this region (Alemayehu, 2004). 
The principal objective of farmers engaged in mixed farming is to gain complementary benefit 
from an optimum mixture of crop and livestock farming and spreading income and risks over 
both crop and livestock production (Bogale, 2004). 
 
2.2. Mixed Farming Production in Ethiopia 
 
Mixed farming system, livestock come after crops as the means of household livelihood and 
produce the largest share of milk and meat (Yenesew et al., 2013.). It accounts about milk 
(90%), meat (54%) and it is the main system of production for smallholder farmers in many 
developing countries (Sere et al., 1995). 
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In Ethiopia crop and livestock sub systems interacts each other in many ways. The livestock sub 
system has output, input, asset, security and investment functions in the farming systems. Animal 
traction and crop residues are the prominent binding elements of the crop and livestock sub-
sectors (Solomon, 2003). Draught power and manure serve as direct input to crop farming. 
Besides, livestock provide an alternative market for crop farming by use of crop residues and 
poor quality grains and change into high quality human diets like, meat and milk (Tedla et al., 
1993).The high crop-related livestock production system in Ethiopia is found between 1,500 and 
3,000 masl especially in the highlands of Tigray, Wollo, Gondar, Gojjam, Shewa and parts of 
Wellega (Mengistu, 2003).  
 
Particularly highland mixed crop-livestock farming system of Ethiopia support two-third of the 
livestock population and hold about 95% of the cropped area (Mengistu, 2003). It is estimated 
that the highlands contain nearly 75 to 80% of the national cattle and sheep, and 30% of the 
national goat flock (Sileshi et al., 2001). Livestock in the highlands are kept for multiple 
purposes such as food production, risk mitigation, income generation and internal integration 
function (Mesfin et al.,  2003). According to Dowell et al., (1980) livestock convert crop 
residues and other plant biomass to utilizable products by human beings, and either mediate or 
accelerate nutrient transfer and turnover to the soil. In general, livestock in the highlands of 
Ethiopia as a whole contribute substantially to the socioeconomic development of the country 
yielding food for the people, energy, cash income, economic security and manure for the rural 
community and crop agriculture; hides and skins, and live animals for export and industrial use  
(Solomon, 2003). 
 
2.3. Socioeconomic Role of Livestock in Ethiopia 
 
Livestock production has a pervasive role in the economies of farmers and of the country and  
prominent position in satisfying the diverse needs of humans ranging from the provision of 
natural animal food products (highly nutritious) to rendering the associated benefits of economic, 
social, cultural and ecological domains (Danthu et al., 2008). Animal production is an integral 
part of agricultural production. Livestock make a very significant contribution to incomes; 
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directly through milk and meat output and other products; and indirectly through manure traction 
and other interaction with production and as investment (Danthu et al., 2008). Furthermore, 
livestock perform multiple functions in the Ethiopian economy by providing food, input for crop 
production and soil fertility management, raw material for industry, cash income as well as in 
promoting saving, fuel, social functions, and employment. Various estimates show that the 
Livestock production in Ethiopia contributes up to 80% of the farmers income 18% of the overall 
GDP  (Alemayehu, 2004), 45% of the agricultural GDP (including draught power), above 20% 
of all the national exports (official and cross border trade) and 5% of the total manufacturing 
GDP(IGAD, 2010). 
Livestock are an important component of nearly all farming systems in Ethiopia and provide 
draught power, milk, meat, manure, hides and skins. In the mixed crop-livestock systems of the 
Ethiopian highlands, livestock are subordinate but economically complementary to crop 
production in providing draft power, which is a vital contribution to the overall farm labor 
requirement (Benin et al., 2002). In the semi-arid lowlands, cattle are the most important species 
because they supply milk for the subsistence pastoral families (Benin et al., 2002). In the more 
arid areas, however, goats and camels are the dominant species reared (Asfaw, 1997).  The 
former provide milk, meat and cash income, while the latter are kept for milk, transport and, to a 
limited extent, meat (Asfaw, 1997).  
 
2.4. Feed Resources and Utilization in Ethiopia 
 
Livestock feed resources in Ethiopia is mainly natural grazing and browse, crop residues, 
improved pasture, and agro-industrial byproducts (Alemayehu, 2003). Nevertheless the 
production of improved pasture and forages is insignificant and a considerable efforts have been 
made in the last two decades to test the adaptability of pasture and forage crops to different agro 
ecological zones and several useful forages have been selected for different zones and the 
contribution of agro-industrial by-products is also minimal and restricted to some urban and peri-
urban farms (Mengistu, 2005). The feeding systems include communal or private natural grazing 
and browsing, cut and-carry feeding, hay and crop residues. At present, in the country stock are 
feed almost entirely on natural pasture and crop residues (Alemayehu, 2003). Grazing is on 
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permanent grazing areas, fallow land and cropland after harvest (Stubble) (Alemayehu, 2003). 
The availability and quality of forage are not favorable year round. As a result, the gains made in 
the wet season are totally or partially lost in the dry season (Alemayehu, 2003). Inadequate feed 
during the dry season is a major cause for declining in the productivity of ruminants.  
 
Hay making is commonly used means of feed preservation technique in Ethiopia, which is 
expected to mitigate problems of livestock feeding during the dry period and therefore such 
experience is a good indicator that there are certain practices of efficient feed utilization 
(Alemayehu, 2003).  The author also indicated that, the quality of the preserved hay is poor due 
to its improper handling and preservation techniques. Some improvements on handling and 
preservation are important to make more quality hay. High quality hay can be defined as forage 
that is dried without deterioration and retaining most of its nutrients (Greenham et al.,2007). 
 
In Ethiopian highlands the natural pasture, crop residues, and stubble grazing are major sources 
of feed (Alemayehu, 2004). However, with the decline in the size of the grazing land and 
degradation through overgrazing and the expansion of arable cropping, agricultural by-products 
have become increasingly important (Alemayehu, 2004). Hence the contribution of crop residues 
to the feed resource base is significant (Bogale, 2004).  
 
The quantity of different crop residues produced depends on the total area cultivated, the 
season’s rainfall, crop species as well as other inputs such as fertilizers (Daniel, 1988). Although 
it is neither quantitatively nor qualitatively adequate to support profitable animal production 
(Alemu et al., 2013) grazing is also the predominant form of ruminant feeding system in most 
parts of the extensive and smallholder crop-livestock farming areas in Ethiopia (Bogale, 2004; 
Getachew et al., 2002). Furthermore, the feed for livestock arising from natural pasture 
fluctuates considerably in quality components as protein and fiber which are generally inversely 
proportional to each other (Tothill, 1987). 
 
Cereal straw, agricultural by-products of crops and aftermath are available after the crop harvest 
during the dry season (Alemu et al., 2013). Hence cereal crop residues (Straws and Stover) are 
mostly stacked and feed to livestock during the dry season when the quantity and quality of 
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available fodder from natural pasture declines drastically (Tolera and Said, 1994). Therefore, 
improved utilization of crop residues can be achieved either through appropriate supplementation 
(legumes, urea, etc.) or chemical treatment (urea/ammonia) both of which facilitate the microbial 
breakdown of the cell wall of the crop residues (Assefa, 1999).  Moreover, conservation and 
economic use of crop residues improve and enhance their utilization (Assefa, 1999). Treatment 
of fibrous crop residues using urea as a source of ammonia is a technology that can be easily 
handled by small farmers (Assefa, 1999). 
 
The feed resource in the highlands of Ethiopia depends on the mode and intensity of crop 
production as well as population pressure. On average crop residues provide 10 to 15 percent of 
total feed intake (Alemayehu, 1998).The same report suggested that in some localities under 
special crop/livestock production systems, the intake could increase up to 50 percent 
(Alemayehu, 1998). Crop residues and stubble grazing accounted for 74.15% of the total annual 
feed supply which was the major source of feed starting from harvesting of food crops to the wet 
periods during the time at which feed from grazing areas is inadequate or almost unavailable 
(Bogale, 2004).  
 
Similarly, in most intensively cultivated areas, crop residues and aftermath grazing accounts for 
about 60 to 70% of the basal diet, particularly, wheat straw is the dominant feed in wheat-based 
farming system (Bediye et al., 2001). Different research works point out different percentage on 
the contribution of crop residues as livestock feed. This may be due to the wide range of 
ecological variation between different localities in the country and also variation in time which in 
turn results with variation in crop species and cropping intensity. Therefore, location and time 
specific feed resource assessment is required in order to know the feed gap between feed supply 
and feed requirement within specified animal production level (Daniel, 1988). There is a strong 
tendency towards improving utilization of crop residues by supplementing with molasses and/or 
urea at beef farms; and at some farmer cooperatives pen fattening of cull cows and old oxen is 
practiced on straw-based diets (Daniel, 1988). 
 
In the central highlands of Ethiopia, livestock grazing on seasonal fallow land and permanent 
pasturelands during cropping season, and on croplands after harvest is common (Sileshi et al., 
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1995). Production problems common to most Ethiopian livestock feeding systems are seasonality 
in animal feeds supplies and of poor quality in that the quality of most harvested and conserved 
feedstuffs is such that when fed alone it is often unable to provide even for the maintenance 
needs of livestock (Anderson, 1987). Animals fed on crop residues mainly in two ways. The 
residues are piled in stacks near homesteads and animals are let to eat from the stacks or given 
small quantities in the morning and evening, or for working oxen, before and after work 
(Anderson, 1987). Alternatively, the residues are left in the threshing ground and consumed by 
animals together with the standing straws which are left for aftermath grazing (Daniel, 1988). In 
the central highlands of Ethiopia, farms and government-owned fattening feed lots use straws 
with molasses and urea (Daniel, 1988).   
 
2.5. Feed Resources and Seasons  
 
The availability of feed resources in Ethiopia interacts with rainfall amount and distribution 
pattern, and season of the year (Tedla et al., 1993). Though, limited supplies are obtainable 
during the dry season on unusual patches of land and along riverbanks, the reliability of natural 
pasture as a feed source is restricted to the wet season (Sileshi et al., 1995). Hence, animals will 
depend more on crop residues during the dry season. Besides natural pasture, the contribution of 
stubble and fallow land grazing is significant beginning from the end of cropping season just 
after harvesting. During this period, livestock can have free access to grazing of crop fields. 
Standing hay that is closed during the wet season is also open at the end of the cropping season 
(Oni, 2001).  
 
The availability of crop residues is also closely related to the farming system, the type of crops 
produced and intensity of cultivation (Oni, 2001). In integrated crop/livestock systems, the 
potential of using crop residues for livestock feed is highest (Daniel, 1988). As more and more 
land is put under crop production, livestock feed becomes scarce and crop residues particularly 
cereal straws remain the major feed source for the animals particularly during the dry period of 
the year (which spans from November to May period) (Daniel, 1988). Livestock, therefore, 
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depend on the straw from cereal crops, especially during dry periods when there are limited feed 
supplies from grazing lands (Bogale, 2004). 
 
The seasonal variations in feed quality and quantity is the main limitation to animal production 
and cause fluctuation in productivity through-out the year, particularly in the dry seasons during 
which feed is scant and poor in nutritive value (Daniel, 1988). The problem of seasonality of 
feed resources in the highlands of Ethiopia is further aggravated by absence of controlled 
breeding practice, which does not make adjustments with seasonal variation in feed supply and 
demand (Daniel, 1988). Therefore, the production of adequate quantities of good quality dry 
season forages to supplement crop residues and pasture roughages is the only way to 
economically overcome the dry season constraints affecting livestock production in Ethiopia.  
 
The use of deep rooted perennials such as browse legumes reduce the impact of the dry season 
because browse species have root systems which better able to exploit soil water reserves than 
forage species (Mengistu and Robertson, 1988). Furthermore where seasonality of forage 
production is a problem, there are methods that can be used by the farmer to ensure adequate 
year round feed supplies e.g. stock adjustments, seasonal breeding programs, growing a range of 
pasture species, grass-legume mixtures, tree legumes and special fodder areas and employing 
fodder conservation techniques (Zewdu, 2003). 
   
2.6. Fodder Production in Ethiopia 
 
Annual leguminous species mixed with cereals provide the best quantity and quality of fodder in 
highland areas but annual legume fodder optimizes forage production in middle altitude and 
lowland areas. In these areas fallow reduction strategies based on leguminous forage crops are 
appropriate. Oats and vetch have performed well over a wide range of AEZs, with oats showing 
good tolerance of relatively low fertility and poor drainage (Alemayehu, 2002). Lablab is very 
productive at lower altitudes and competes well with weeds whereas alfalfa does not persist 
under rain fed condition in Ethiopia. Farmers accept oat/vetch and lablab strategies, especially 
where fattening or dairy enterprises are viable (Alemayehu, 2002). However, as demand for 
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subsistence food crops increases, fodder strategies which can be integrated into cropping systems 
will be adopted in preference to annual fodder crop strategies (Alemayehu, 2002). 
 
Improved pasture and forages have been grown and used in government ranches, state farms, 
farmer's demonstration plots and dairy and fattening areas. Forage crops are commonly grown 
for feeding dairy cattle with oats and vetch mixtures, fodder beet, elephant grass mixed with 
siratro and desmodium species, Rhodes/Lucerne mixture, phalaris/trifolium mixture, hedgerows 
of sesbania, leucaena and tree-Lucerne being common ones (Mengistu,2006). Howevere, there 
has been limited introduction of improved pasture and forages to smallholder farming 
communities and the adoption of this technology by smallholder mixed farmers has been 
generally slow (Mekoya et al., 2008). 
 
While improving crop and livestock productivity on a more sustainable basis, herbaceous and 
tree legumes can restore soil fertility and prevent land degradation. Thus the adoption of such 
dual-purpose legumes, which enhance agricultural productivity while conserving the natural 
resource base, may be instrumental for achieving income and food security, and for reversing 
land degradation. Therefore, the integration of legumes into cereal-based systems can provide 
services such as high quantity and quality fodder production, soil erosion prevention, and soil 
fertility restoration. Additionally it is obvious that, where livestock response to improved feed 
technology and profitability from livestock enterprise is high, the demand for forage and the 
opportunities for diffusion of forage technology may also be high. Farmers are responsive to the 
amounts of economic incentives provided by the new technology (Stevens and Jabara 1988). 
 
2.7. Oats-vetch Production in Ethiopia  
 
 It is suggested that the use of improved forage legumes integrated into existing farming systems 
are valuable economic alternatives to purchased protein or energy rich concentrates as a practical 
on-farm solution for smallholder dairy production. One such forage legume is vetch (Viciadasy 
carpa). Vetch has high CP content (19.9%), in vitro organic matter digestibility (IVOMD) 
(68.7%) and DM yield (4–6 t/ha) (Assefa, 1999; Sileshi et al., 1995). Moreover, it is adapted and 
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widely used in the cool tropical highlands (Assefa, 1999). However, judicious use of vetch in the 
daily ration of lactating cows can only be justified when its level of inclusion is biologically 
optimized (Assefa, 1999).  Oats (Avena sativa L.) is a well-adapted fodder crop grown for a long 
period of time in the highlands of Ethiopia (Assefa, 1999).  It is produced by some peri-urban 
dairy cattle producers and by smallholder farmers who own crossbred dairy cows (Assefa, 1999).  
Its grain also makes part of the staple diet of human beings in some parts of central highlands of 
the country (Hiwot, 1985). Oats being an annual forage crop is highly useful for integration into 
the prevailing mixed crop- livestock farming systems of the highlands on accounts of its short-
term yielding characteristics, use in overcoming seasonal feed shortages, convenience in crop 
rotations and its fodder conservation characteristics (Assefa, 1999). 
 
Moreover, farmers can easily grow it because its husbandry is similar to that of other cereals 
such as barley and wheat (Feyissa, 2009). It can be used for grazing, cut-and-carry and green 
feeding, hay, silage and also as a source of cash income through sale of the green material 
(Feyissa, 2009). Oats can be also intercropped with vetch (Vicia sativa) and produce high quality 
fodder, as vetch is nitrogen fixing leguminous fodder and has a potential both to improve the 
quality of the fodder and also the nitrogen status of the soil on which the fodder is produced. 
Previous assessments showed that household resource endowment; especially land and labor, and 
market integration and crop intensification were important factors encouraging adoption of an 
oats-vetch forage technology (Feyissa, 2009). However, there is limited information about the 
economic feasibility of cultivated fodder production to let farmers understand that engagement in 
fodder production is value participating (Feyissa, 2009).  
 
Vetches are very important forage legumes in the central highlands, which are commonly under 
sown with cereals or grown as break crops. It is palatable and rich in proteins and once vetch 
plants reach seed setting stage further seeding in the next season is not necessary as the seed can 
stay in the soil for at least two years. Vetches are well adapted to altitudes 1800 - 2500 masl with 
more than 700 mm annual rainfall (Seyoum and Cajuste, 1980). For altitudes higher than 1800 
masl Vicia dasycarpa, Vicia atropurpurea, Medicago sativa and native Trifolium species found 
to be important for improving the feed quality of cereal straw (Hiwet and Lulseged, 1985). 
Butterworth and Mosi (1986) found that when hay from desmodium is supplemented to residues 
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of teff, oats, wheat and maize straw at a rate of 30% by weight, dry matter digestibility increased 
by 10% compared to the straw alone, and feed intake of sheep increased by 20-30%. 
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CHAPTER THREE: MATERIALS AND METHODS 
 
3.1. Descriptions of the Study Areas 
 
3.1.1. Location and physiographic information 
 
The study was conducted in Endamehoni district, located in the northern part of Ethiopia, 
Southern zone of Tigray regional state121 km away from the city of Mekelle. The district is 
geographically located at 390o 32’N latitude and 120o  47’E longitude, and bounded in the North 
by Emba-Alaje District, in the South by Offla District, in the East by Raya-Azebo district and in 
the West by Amhara regional state. The district has 19 tabias with a total area of 62,184.24 ha. 
Altitude of the district ranges from 1800 to 3935 masl but most of the district is found at about 
2200 masl and the highest mountain of Tigray “Tsibet” which is 3935 masl is found in the 
district. Topography of the area can be classified as 65% very steep, 12% steep, 15% gentle and 
8% valley. Agro-climatically, the District is divided into three; high land (Dega) which accounts 
for 60%, midland (‘Weynadega’) which covers 35% and lowland (Kola) 5%. The district has 
about 17,992 ha of arable land and 14,463.75ha of grazing land. An estimated area of 1,094 ha is 
classified as unproductive land (degraded hillsides, bare lands etc.) and about 16,910 ha area is 
covered by forest. In addition the district has about 7,884.5 ha of area exclosure. Maichew town 
is the administrative center of the district (SZT, 2015). 
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Figure 1. Map of the study area 
 
Two kebeles of the district namely Embahasti and Tsibet were selected for the study and these 
are located about 15km away from the city of Maichew (Figure. 1). These sites were purposely 
selected as they are action sites of the project called Africa RISING (Africa Research in 
Sustainable Intensification for the Next Generation) lead by International Livestock Research 
Institute. The total estimated area of Embahasti and Tsibet are 37.52 and 18.41 km2 respectively 
and practiced different types of land use includes crop cultivation, small scale irrigated land, 
grazing land, forest land and unproductive land. The major crops that are grown in these two 
kebeles include wheat, barley, broad bean, field pea, oil seed, and lentil and a tuber crop called 
locally sassila whereas the major vegetable crops are potatoes, hot pepper, onion, carrot and 
tomato (SZT, 2015). 
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3.1.2. Human Population 
 
Endamehoni district has a total population of 93,717 (46,106 male and 47,611 female) and 
household size of 20,465 (3,423 female head and 17,042 male head) with an average family size 
of 5.0 individuals (SZT, 2015).  
 
3.1.3. Livestock population 
 
The livestock population of the district is 77,000 cattle, 51531 goats, 71,229 sheep, 110,000 
chicken, 12,010 donkeys, 240 horses, 11,340 honey bee (8,649 traditional and 2,691 modern bee 
hive colonies), 54 camels and 461 mules. The annual production of meat, egg and skin and hide 
of the district is 1660, 86 and 43988 tone, respectively. The major feed resources in the area are 
natural pasture, crop residues (wheat, barley, sorghum, maize and teff straws) improved fodders 
(elephant grass, sessbania, tree lucerne, oat-vetch and dishograss) and cactus pear (SZT, 2015). 
 
3.1.4. Climate 
 
Endamehoni district has erratic, unevenly distributed rainfall. The rainfall is bimodal that relying 
on the belg rains from mid-January to March, and the kiremt (summer) rains from mid-June to 
mid-September. The annual mean rainfall ranges from 600 to 800 mm. The district receives 
higher rain fall during kiremt in the two months (July and August) than the others. The annual 
temperature ranges between 12 ˚C and 18 ˚C (SZT, 2015). 
 
3.1.5. Soil  
 
The soil texture types of Endamehoni district are composed of Hutsa (sandy), Baekel (clay) Walka 
(loam) and clay loam. The predominant soil texture of the district is clay which has 50% coverage 
followed by clay loam (25%), loam (18%) and sandy (7%) (SZT, 2015). 
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3.1.6. Production system (farming system) 
 
Mixed crop-livestock production system is the major production system practiced in Endamehoni 
district as a whole and in the study kebeles particularly. The farmers of the district exercise rain-fed, 
subsistence oriented mixed crop-livestock production system. The farmers of the study area use 
irrigation agriculture mainly using hand dug wells and household farm ponds through constructed 
canals from the pond (SZT, 2015). 
 
3.2. Fodder crop management and field observation design 
 
The study had two parts, survey and field observation. Two kebeles which were already used by 
Africa RISING project as implementation sites were purposively selected for both the survey and 
experiment. A total of 40 farmers (20 from each kebeles) whom only involved in the project 
were purposively selected in the survey research for interview. Land preparation which include 
ploughing, disk harrowing, and cultivation were made by all the sampled farmers in each kebele. 
A mixture of oat-vetch (intercropped) with the proportion of 3:1 seeds with the recommended 
rate for oats (90kgha-1) and vetch (30kgha-1) were sown in 40 farmers (20 from each kebeles) 
through broadcasting in July 2015.  
 
From the total of 40 farmers 16 farmers (8 from each kebele) were purposively selected for the 
experimental research based on their management ability of the cultivated oat-vetch like 
weeding, irrigating and applying fertilizer at appropriate time and interest to feeding their 
animals to measure the effect on daily body gain and milk yield.  The sample for measuring 
forage biomass yield and nutrient composition were taken from the 16 farmers and testing the 
effect of feeding oat-vetch on daily body weight gain and milk yield were also conducted. Then 
after these farmers were clustered in to two according to their preference of animals to which 
they want to feed their cultivated good quality fodder (fattening or milk yield). The field 
observation was done considering the entire oat-vetch cultivated land in each farmer as single 
plot and farmers as replication. The oat-vetch was harvested at a stage when 50% of the oat-
vetch starts to flower to take samples to test biomass yield and nutrient composition and to 
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prepared hay as well. Forage biomass yield on dry matter basis was calculated after drying a 
sample of 300g green forage in an oven at 60oC for 48 hours. The forage samples dried in oven 
dry were also taken into Mekelle university nutritional laboratory for chemical analysis.   
 
The animals (8 oxen, 7 cow and 3 sheep) were fed on oat-vetch in the form of hay for 60 days as 
supplement and then body weight change and milk yield were measured. The animals were 
categorized into two based on the purpose to which they were fed. Body weight and milk yield 
measurements for each of the experimental animals were recorded at the beginning of the 
experimental period. A mean daily weight gain (gd-1) was calculated as the difference between 
final and initial body weights divided by number of days of feeding as follows: 
 
Live weight change = Final live weight – Initial live weight 
Average daily gain (g /d) = Final body weight- Initial body weight 
                                                       Number of feeding days 
 
3.3. Measurement and Field Observation 
 
3.3.1. Feed Trial  
 
For both the fattening and milk production the field observation cattle were offered 1.5 kg of 
oats-vetch hay mixed with locally available feed resource (hay, crop residue, atela,  grazing land, 
stubble grazing) per head per day. The experimental sheep for fattening were offered 300 g of 
oats-vetch hay mixed with locally available feeds per head per day. Each cattle and sheep were 
weighed at the beginning of the experimental period and continue on weekly basis for 60 days. 
Then the body weight measurement of cattle was estimated through heart girth meter and body 
weight of sheep was measured through spring balance. Similarly milk yield measurements were 
taken at the beginning of the experiment and continue on daily basis for 60 days in morning and 
evening milking time. 
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The body weight was estimated from heart girth meter following (Susan Pater, 2007)                               
 
 
3.3.2. Estimation of Biomass Yield on Dry Matter Base 
 
The fodder dry matter (DM) yield of oats-vetch was estimated using three randomly placed 
quadrats of 0.5m x 0.5m per farmer plot. The sample was taken at the stage of 50% flowering 
and the plants within each quadrat were cut with hand sickle to the ground level. The fresh 
weights of each quadrat were taken immediately in the field and bulked together. After mixing 
the bulked samples, a sub-sample of 300g fresh fodder was weighed and taken in a cotton cloth 
for dry matter determination and subsequent chemical analysis in the laboratory. The samples 
were oven-dried at a temperature of 60oC for 48 hrs. in a forced-draught oven. After drying, the 
samples were re-weighed for estimation of DM yield. The samples were then ground to pass 
through a 1 mm sieve in preparation for laboratory analysis.  
 
3.3.3. Chemical Analysis of Fodder Samples 
 
Chemical analysis of the oats-vetch was performed at ILRI nutrition laboratory. The samples 
were analyzed for organic matter (OM), neutral detergent fiber (NDF), acid detergent fiber 
(ADF), acid detergent lignin (ADL), crude protein (CP) and Ash following standard procedures 
of the Association of Official Agricultural Chemists (AOAC 1990; Van Soest et al. 1991). True 
invitro Organic Matter Digestibility (TIVOMD (%)) of the feed samples were predicted 
according to Oddyet al. (1983) as follows: DMD % = 83.58 – 0.824ADF% + 2.626N%. 
Metabolisable energy (ME) levels were derived using the following formula (Freer et al., 1997) 
ME content (MJ/kg DM) = 0.17×DMD% - 2.0. 
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3.3.4. Questionnaire Administration 
 
A structured and semi- structured questionnaire was administered to the purposively selected 40 
(20 from each kebeles) households in the district. The questionnaire was administered by a team 
of enumerators recruited and trained for this purpose with close supervision of the researcher. 
Information on the socio-economic characteristics of the farmers (like sex, age, family size, land 
use pattern, land holding (hectare), cover of fodder plant (hectare), farming activity, number of 
livestock kept, purpose of livestock raising, daily milk yield, major crops grown, livestock feed 
types, source of forage, feed markets, feed price, milk price, milk market places, quantity of total 
feed and types of housing for livestock, production and reproduction traits, selection criteria, and 
feed situations were captured from this survey. Secondary data like livestock types, economic 
contribution, the overall plan of the site to improve fodder production on livestock productivity 
and other related information were collected from agricultural and rural development offices 
(ILRI site offices). 
 
3.4. Statistical Analysis and procedures 
 
Statistical Analysis System (SAS) was used to carry out descriptive statistics on questionnaire 
data and field observation variables. Data collected through questionnaire was systematically 
coded and analyzed using the frequency procedures of SAS version 9.2 (2008). Data on biomass 
yield, nutrient composition, body weight gain and milk yield were subjected to the analysis of 
variance (ANOVA) using General linear model procedures (PROC GLM) of the SAS to detect 
statistical differences among sampled improved forages and animal type. Significant mean 
differences were separated using least significance difference (LSD).  
 
 
 
 
 
 
 24 
 
CHAPTER FOUR: RESULTS AND DISCUSSIONS 
 
4.1. Household Characteristics and Respondents Profile 
 
The majority (75%) of the respondent were male headed (Table 1). The overall average age of 
respondents was 44.8±11.6 years. This average age indicates the presence of active labor force, 
which can play a positive role in reducing the labor constraints faced in livestock production. 
The total family and land size were 6.33 ± 1.99 and 0.96±0.04 ha per household, respectively. 
The family size of the present study was higher than the mean value of 4.99 persons for 
Endamehoni district and the national average of 4.6 persons reported by (Hailemichael, 2013) 
and CSA (2011), respectively. The land size was also higher than 0.45 ha land holding per 
household of Endamehoni district (Hailemichael, 2013). However, the grazing land and 
cultivated fodder crop land were too small as compared to the livestock holding (Table 1), which 
indicated that livestock herding was based on crop residue. 
 
Table 1. Household characteristics of respondent farmers in the study area (Mean±SD) 
 
Variables Districts  Grand 
 Embahasti  Tsibet mean 
Average age of respondents (year) 48.2±14.6 41.3±6.17 44.8±11.6 
Household Family size(number) 6.7±2.27 5.95±1.64 6.33±1.99 
Gender  of respondent     
Male (%) 80.00 70.00 75.00 
Female (%) 20.00 30.00 25.00 
Educational background of respondents (%)    
Illiterate (%) 10.00 30.00 20.00 
Reading and writing (%) 10.00 35.00 22.50 
Primary School (%) 60.00 30.00 45.00 
Secondary education (%) 20.00 5.00 12.5 
Income source (%)    
Crop-livestock farming (%) 95.00 85.00 90.00 
Crop production only (%) 5.00 15.00 10.0 
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In this study, more than half of the respondents had completed primary schools (45%) and 
secondary schools (12.5%). In contrast to this result 64.29% of the respondents from 
Endamehoni district were illiterate (Hailemichael, 2013). Education is an important driver of 
development enhancing farmers’ capacity in making decisions, solving problems and learning 
new technologies (IFPRI, 2010). Crop and livestock production play important role in improving 
the livelihood of farmers in the study area. The predominant livestock species kept in the area 
include cattle, sheep, donkey and chickens and honey bee (Table 2). In the study area the mean 
population of chicken (7.22) was higher followed by sheep (6.3), bee colony (4.71) and cattle 
(3.94). This contradicts with the report that cattle population in Fogera district share 57% of the 
total livestock holding of the households (Teshome, 2009). The present study indicated that 
livestock production was more important and given better attention due to their socio economic 
values which includes milk, meat, traction, manure and biofuel, marriage, wealth assets and 
social prestige. 
   
Table 2. Livestock and landholding of respondents in Embahasti and Tsibet Kebeles 
 
Variables District Mean 
 Embahasti Tsibet  
Household Livestock holding (Mean ±SD)    
Cattle  4.16±2.9 3.69±2.70 3.94±2.79 
Sheep 5.29±4.21 7.38±3.75 6.30±4.07 
Donkey  1.60±0.63 1.69±0.63 1.64±0.62 
Total chickens 6.67±4.39 7.57±3.08 7.22±3.58 
Bee colony  4.71±3.25 0±0 4.71±3.25 
Household land holding (Mean ±SD )    
Cultivated crop land  0.71±0.39 0.76±0.35 0.74±0.37 
Grazing land  0.16±0.09 0.94±0.05 0.13±0.08 
Home side land  0.13±0.05 0.13±0.13 0.13±0.05 
Forest wood land  0.10±0.07 0.131±0.08 0.11±0.07 
Cultivated fodder crop land  0.09±0.03 0.09±0.03 0.09±0.03 
Total land holding  0.97±0.42 0.95±0.42 0.96±0.04 
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4.1.1. Livelihoods in the Study Area 
 
Livestock production is the integral part of the mixed crop-livestock production system, and 
none of the respondents specialized in one activity (Table 3). However, advantages and uses of 
livestock farming in the context of smallholder farmers were multi-faceted. The present study 
showed that both local and crossbreed cows were kept primarily for milk production and both 
oxen and bull for draught power. Similarly the male calf was reared for the purpose of draught 
power while the female calf and heifers primarily for milk production and reproduction 
respectively. Sheep were kept for reproduction and fattening, donkey for transport, chicken for 
both egg production and reproduction and bee colony for honey production (Table 3). 
 
The primary income source of the respondents were from sale of oxen (4550 Eth birr), followed 
by cow (3700 Eth birr) and sheep (2077.5 Eth birr) per year per household. Feed and herding 
cost were 1128.9 and 567.78 Eth birr per year per household respectively while the respondents 
had no cost for watering and veterinary during the last 12 months (Table 3).  
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Table 3. Purpose of keeping livestock and the income obtained from in the study area 
 
Variables  Districts Grand  
mean  Embahasti  Tsibet 
Purpose of livestock keeping (%)    
Local cow    
Milk production 100,00  100.00 100.00 
Crossbreed cow    
Milk production 100.00 100.00 100.00 
Oxen     
Draught power 100.00 100.00 100.00 
Male Calf    
Draught power 100.00 100.00 100.00 
Female Calf    
Milk production 100.00 75.0 91.7 
Reproduction  25.0 8.3 
Heifer     
Milk production 100.00 50.0 83.3 
Reproduction  50.0 16.7 
Sheep     
Reproduction  100.00 23.1 63.0 
Fattening   76.9 37.0 
Chicken     
Egg production 11.1 64.3 43.5 
Reproduction 88.9 35.7 56.5 
Donkey     
Transport  100.00 100.0 100.0 
Bee colony     
Honey production  100.00 0 100.00 
Household income from livestock sells Year-1  
(mean ±SD)  
   
Oxen 4,620±1,512 4433,33±1795 4550±1567 
Cow 4000±1732 3250±353 3700±1303 
Sheep 2316.67±1723 1838.33±779 2077.5±1299 
Donkey 1262.5±319 1750±494 1425±416 
Chicken 256±93 342.73±133 315.63±126 
Butter  1870±831 1697.78±1371 1788.42±1090 
 NB= all the values shows the households own only the particular animal type because most of the 
respondents were not owned all type of animals   
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4.1.2. Major Crops Grown in the Study Area 
 
The main crops cultivated in the study area were wheat, barley, broad bean, field pea, oil seed, 
and lentil and a tuber called locally sassila. From all these crops oil seed, lentil and sassila were 
cash crops in the study area (Table 4). The land of the respondents were largely covered by 
barley (0.334 ha) followed by wheat (0.26 ha), sassila (0.17) and field pea (0.167). There was 
significant difference between the kebeles in the yields of field pea, oil seed and sassila. 
Significantly (P<0.05) higher yield of field pea, oil seed and sassila were obtained from Tsibet. 
This variation might be due to the difference in soil nutrient, amount of rainfall, rate and type of 
fertilizer and management. Similarly the highest estimated yield in quintal per household per 
year of the crops was sassila (17.00) followed by barley (9.08) and wheat (6.58). Whereas the 
higher crop residue production were obtained from barley and wheat in order of importance.  
 
Table 4. Major cultivated crops and estimated yields per hectare in the study area 
 
Variables  District Grand  
 Embahasti  Tsibet Mean 
Household major cultivated crops and area 
cover (ha) (mean ± SD)    
   
Wheat  0.25±0.18 0.28±0.19 0.26±18 
Barley  0.28±0.20 0.44±0.24 0.36±0.23 
Broad been  0.13±0.04 0.25±0.18 0.16±0.11 
Field pea  0.13±0.06 0.20±0.07 0.17±0.07 
Oil Seed 0.13±0.00 0.13±0.00 0.13±0.04 
Lentil  0.12±0.01 0.12±0.01 0.12±0.01 
Sassila  0.12±0.01 0.12±0.01 0.12±0.01 
Estimated crop yield (quintalha-1) 
 (mean ± SD)    
   
Wheat  6.79±4.48 6.32±2.73 6.58±3.74 
Barely  9.20±5.01 8.95±5.34 9.08±5.11 
Broad been   2.32±1.93 3.25±1.26 2.57±1.78 
Field pea  1.67±1.21b 3.29±1.22a 2.54±1.44 
Oil seed 1.00±0.0b 1.50±0.00a 1.13±12.0 
Lentil  1.25±0.72 2.00±0.82 1.46±0.80  
Sassila  8.50±4.23b 25.5±7.71a 17.0±10.68 
a,b means with different superscript letters across a row are significantly different at p<0.05 
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4.1.3. Feed Resource and Feeding System 
 
4.1.3.1. Available Feed Resources and their Distribution over Seasons 
 
The availability of feed resources varied in seasons with respect to quality, quantity and type of 
feed (Figure 2). The principal feed resources available to livestock both in the wet and dry 
seasons include crop- residues (cereal and pulse crops), stubble grazing, natural pasture (both 
private and communal grazing land), weeds and improved fodder crops dominantly oat-vetch 
through cut and carry system. Industrial by-products were rarely used.  
 
The main feed resources were both cereal and pulse crop residue, private grazing land and 
stubble grazing were the most important principal dry season feed resources of livestock 
respectively. During the wet season; private grazing land, communal grazing land and weeds 
were the principal feed resources for 42.9%, 48.6 % and 100% of the interviewed livestock 
owners respectively (Figure 2). However, communal grazing land, cereal crop residue and pulse 
crop residues were year round feed resources of livestock for 29.7 %, 47.4% and 12.5% of 
livestock owners of the study area, respectively (Figure 2). Crop residues and green grass from 
natural pasture are major feed resources. Crop residues and green grass from natural pasture are 
major feed resources in the highlands of the Blue Nile basin (Bedesa, 2012). Similar to the 
present finding Belay (2009) reported that the principal dry season feed resources available to 
livestock in Bure district Amhara Region include crop-residue, stubble grazing, natural pasture 
and hay in their descending order of magnitude. While the principal feed resources during the 
wet season were natural pasture, crop-residue, hay and stubble grazing in their descending order 
of intensity of use by producers.  
 
In contrast, Negesse et al.,(2010) reported that over 86% of the crop residues are fed between 
November and February which is higher than the present study  (70.05%) and 83% of the 
farmers graze their animals on crop stubbles which are lower than the present finding. This 
variation might be due the difference in the availability of other feed resources in the respective 
study areas. According to Alemayehu (2003) this variation is expected, as livestock feeding 
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calendar varies according to availability of feed resources in different months of the year. 
Livestock feeding calendar is an essential livestock management practice to use the available 
feed resources efficiently and to supply the livestock with required quantity and quality feed and 
to overcome feed shortage (Alemayehu 2003). On the other hand the reason that crop residue 
becomes the predominant feed resource at dry period is that; the time of abundant crop residues 
(November – February) is the time when the amount of natural pasture, crop thinning and weed 
used is minimum, which indicates that it is the period when there is some kind of substitution 
effect of these feeds with crop residues (Negesse et al., 2010).  
 
Many researchers and development workers believed that before the last two decades natural 
pasture comprised the largest proportion of feed resource. According to Alemayehu (1998), 80–
85% of all animal feed comes from natural pasture while some estimates also indicate the natural 
pasture to provide 88–90%; these values are higher than the present finding. This variation might 
be due to the rapidly increasing of human population and increasing demand for food, grazing 
lands are steadily shrinking by being converted to arable lands, and are restricted to areas that 
have little value or farming potential such as hilltops, swampy areas, roadsides and other 
marginal land (FAO 2006). This is particularly evident in the mixed-farming highlands and mid-
altitudes.    
 
Recent reports in central and southern highlands of Ethiopia also indicated that there is 
increasing importance of crop residues as a livestock feed (Bogale et al.,2008 and Tsegaye et 
al.,2008). Shortage of grazing lands due to gradual turning into crop fields and the absence of 
alternative feed resources attributed to accentuate the increased dependence on crop residues in 
the central highlands of Ethiopia (Tsegaye et al., 2008). According to Bogale et al., (2008) the 
practice of feeding livestock with crop residues in the mornings and evenings around homesteads 
has been reported to increase in the recent years in the Bale highlands of Ethiopia due to the 
reduction of the herbage obtained from natural pasture because communal grazing areas are 
overgrazed and degraded due to recurrent drought. Therefore, this indicates there is a need to 
cultivate alternative feeds like fodder plants to supply the shortage of feed both in quantity and 
quality in the highland areas of Ethiopia and must improve the quality of crop residue using 
different treatments like urea treatment and Effective Micro- organism (EM) treatment.  
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Farmers also provide improved fodder crops dominantly oat-vetch to their animal through cut 
and carry system. Accordingly, of the total interviewed farmers 60% and 10% of the livestock 
owners practiced cut-and-carry feeding system of fodder crops in the wet and dry seasons, 
respectively, while 30% of the livestock owners practiced cut and carry feeding of animals year 
round (Figure 2) 
 
 
 
Figure 2. Seasonal availability of feed resource in the study area 
 
4.1.3.2. Marketing and Storage of Feed and Feeding System 
 
Feed resources like crop residues, hay, green feed and concentrate feed particularly wheat bran 
were available in the market mostly. All of the respondents confirmed the availability of local 
market for animal feed sources in their vicinity. The total interviewed farmers 90% had 
experience of buying feed sources from the market while only 10.8% of the respondents had 
experience of selling animal feed resources in their vicinity market (Table 5). This result 
indicated that almost all interviewed farmers had experience of feed shortage to their animals. 
Due to the shortage and seasonality of availability of livestock feed; they established a practice 
of storing crop residues for feeding to livestock during the times of feed shortage. Stacked under 
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shade and outside shade were the two ways of crop residue storage in this study. Accordingly, 
majority (72.5%) of the respondents stored their crop residue stacking under shade whereas the 
rest (27.5%) stored as a heap in the open air (Table 5). In contrast to this result Mulugeta (2005) 
in Yarer area reported that about 91% of the farmers stored crop residues outdoor and majority of  
Farmers in Fogera and Jeldu districts often store crop residue without shade. Farmers in Alaba 
district southern Ethiopia store the crop residues in a separate cottage constructed merely for 
storages of crop residues or on the roof in their cottages (Yeshitila, 2008). The predominant 
storage time was one month (40%) and two month (32.5%) after collection of the crop residue 
(Table 6).  
 
The interviewed farmers had experience of using different crop residue for feeding animals  . 
Half of the respondents feed crop residue to their animals mixing it with other feeds while 30% 
of them feed crop residue alone (Table 6).  However, 20% of the respondents practice chopping 
maize stover prior to feeding. Similarly, Bedesa (2012) in the highlands of the Blue Nile basin 
reported that 35.5% of respondents experienced with mixed straw feeding practice especially 
mix legumes straws with small cereals straws and provide to animals. The author also indicate 
that, mixing legumes and cereals straws and feeding livestock increases palatability of the straws 
more than feeding alone. 
 
Farmers in Alaba district southern Ethiopia gave crop residue to their animals bunch by bunch 
with other feed resources, some even soak with water to improve palatability and digestibility, 
still few others lop down browses like Cordial, Ficus and Acacia to tree leaves give to their 
animals mixing with crop residues and these increased efficient utilization of locally available 
feed resources (Mekonnen, 2008). Number of practices are suggested and to some extent 
experimented in Ethiopia to treat crop residues to improve its palatability and digestibility. 
Descheemaeker et al., (2011) already demonstrated that crop residues management like chopping 
and urea treatment improves the feed quality. Smith (1993) also listed chopping, grinding, and 
treatment with urea as the most appropriate methods of improving the feed value of crop residues 
at the smallholder level. Hence, untreated crop residues may reduce the quality of available feed 
for livestock. In this regard, physical treatment of such residues, either to reduce their size (e.g., 
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chopping) or to soften them (e.g., by soaking or wetting) is important to improve palatability 
leading to efficient utilization of the residues (Tesfaye, 1999). 
 
The mean price of hay, green feed, cereal crop residue, pulse crop residue and concentrate feeds 
per quintal were 162, 141, 120, 140 and 349 ETH birr respectively (Table 7). There was 
statistically significant (P<0.05) difference among the local feeds in price per quintal. The price 
of concentrate feeds were the most significantly expensive than the price of hay, green feed and 
the crop residue (both cereal and pulse crop residues). This might be attributed to better quality 
and low availability of the concentrate feed in the local market than the others. Whereas the 
cereal crop residue was the most significantly cheapest in price than concentrate feed, hay and 
green feed but significantly equivalent with the price of pulse crop residue. This also might be 
due to the poor quality and most accessibility of the cereal crop residue in the local market. The 
informants indicated that the price of feeds is increasing from time to time and rate of feed 
shortage is also increasing from year to year.  
 
Table 5. Market for animal feed and feed price in the study area 
 
Variables  Districts Grand Mean 
 Embahasti  Tsibet 
    
Availability of market for feed 
(%) 
   
Yes 100.0 100.0 100.0 
Feed buying experience     
Yes 95.0 85.0 90.0 
No  5.0 15.0 10.0 
Feed selling experience    
Yes 5.3 16.7 10.8 
No  91.7 83.3 89.2  
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Table 6. Management of crop residues and feeding system in the study area 
 
Variables Districts Grand Mean 
 Embahasti Tsibet  
Way of crop residue storage    
Stacked under shade  80.0 65.0 72.5 
Stacked outside 20.0 35.0 27.5 
Storage time after collection     
Two months  35.0 30.0 32.5 
One month  55.0 25.0 40.0 
Soon after collection 10.0 5.0 7.5 
Over two months  0 40.0 20.0 
Feeding system     
Crop residue mixed with 
Oat-vetch hay 
60.0 40.0 50.0 
Crop Residue alone  25.0 35.0 30.0 
Chop feeding 15.0 25.0 20.0 
 
Table 7. Local animal feed prices (Birr quintal-1) in the study area (mean ± SD) 
 
Variables Districts Grand Mean 
 Embahasti Tsibet  
    
Hay  156.8±13.4 166.7±26.4 162±20.9b 
Green feed  142.5±35.4 140.6±30.6 141±31.8b 
Cereal crop residue   117.4±11.2 123.8±19.5 120±15.7c 
Pulse crop residue  133.3±20.8 141.9±33.1 140±29.8bc 
Concentrate feed  400.0±0 280.0±144.2 349±105a 
a,b,c means with different superscript letters across a column are significantly different at p<0.05 
 
4.1.3.3. Feed Shortage and Reasons of the Shortage 
 
The annual distribution of livestock feed lacked consistency between different years  because of 
variations in rainfall, time of harvesting and production levels of crops and the amount of rainfall 
influenced growth of forages and amounts of crop residue produced (Diagnostic survey report, 
2003). Similarly, this year’s(2015) El-Niño induced drought has also resulted in severs feed 
shortage in many areas of Ethiopia. According to the majority of the respondents shortage of 
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crop residues (60%) for cattle, sheep, and equines was mostly common in wet season while 
shortage of natural pasture both private and communal grazing (35%) was most common in dry 
season (Figure 3). Similarly Negesse et al., ( 2010) reported that the quantity and quality of 
fodder obtained from natural pasture gradually decline during the dry season, and farmers feed 
residues of maize, haricot bean and inset to their animals. Regarding the reasons for feed 
shortage more than half of the respondents (53.8%) reported that shortage of land both for crop 
and natural pasture was the main reason in the study area. Whereas shortage of rainfall, poor feed 
management and inappropriate feeding system were reported as other reasons of feed shortage 
equally by 23.1% of the interviewed farmers (Table 8). Similarly according to Funte et al., 
(2009) shortage of feed to livestock in the Ethiopian highlands are a consequence of shrinking 
both grazing land and cultivated areas due to high rate of population growth and turning of 
pasture land into crop fields and low productivity of grazing land and crop residue due to land 
degradation resulted from recurrent drought.  
 
The informants were proposed two major coping mechanisms, to solve the feed shortage 
problem. These include 1) purchasing of both crop residue (53.8) and concentrate feed (10.3), 
and 2) selling of older and unproductive animals (35.9%) (Table8). Similarly farmers from 
Umbulo wacho watershed in southern Ethiopia reported that conserving crop residues and 
sending animals to the areas with better feed availability are the main coping mechanisms used 
against critical feed shortage (Negesse et al., 2010). Belay (2009) reported five major coping 
mechanisms as collection and storing of crop-residues for dry season feed (92.16%), preparing of 
hay from farm boundaries (54.25%), utilizing of browse species (50.93%), utilizing of 
supplementary feeding either by purchasing or homegrown (44.39%) and selling of older and 
unproductive animals (28%) of the respondents in order of importance (Belay, 2009). 
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Figure 3. Seasonal shortage of crop residue and grazing land in the study area 
 
Table 8.Reasons of feed shortage and measures taken in the study area 
 
Variables  Districts Grand  
mean  Embahasti Tsibet 
Reason for feed shortage (%)    
Shortage of land 57.9 50.0 53.8 
Shortage of water 15.8 30.0 23.1 
Improper feed  management 26.3 20.0 23.1 
Measures taken for shortage    
Purchase crop residue 52.6 55.0 53.8 
Purchase concentrate Feed 5.3 15.0 10.3 
Reduction of Stock 42.1 30.0 35.9 
 
4.1.4. Experience of Irrigation Practices in the Study Area 
 
Among the interviewed farmers 70% used irrigation to cultivate crops whereas the 30% did not 
have experience of irrigation practices. This variation might be because of the difference in 
accessibility of resources such as land and water for irrigation among the households. This study 
revealed that from the irrigation beneficiaries 70%, 65.7% and 11.4% of the respondents 
cultivate fodder plants, food crops and vegetables through irrigation, respectively (Figure 4). The 
major fodder crops introduced and cultivated by the respondents were oat-vetch, elephant grass 
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and tree lucerne. It was also observed that all of the interviewed farmers had introduced oat-
vetch but elephant grass and tree lucerne fodder plants were introduced by 20% and 45% of the 
total respondents respectively and cultivate them in their irrigation and home side land. The 
result had shown that from the total improved fodder crop introducers 70%, 100% and 88.9% 
reported to cultivate oat-vetch, elephant grass and tree Lucerne respectively, through irrigation. 
The rest of the respondents cultivate these fodder crops in their backyards. This might be because 
of the reason that long distances of their home or backyards from the water resources and its high 
exposure to be trampled and eaten by the animals at the time of getting in and out of home at the 
seedling stage.  
 
The oat-vetch production cost per household was no statistically significant (P>0.05) between 
the kebeles (Figure 5). However, the cost of labor force was significantly (P<0.05) higher than 
the cost for fertilizer (Figure 5). The mean for total cost of oat-vetch production in the study area 
was 225 Ethiopian Birr per household.      
 
 
Figure 4. Crops cultivated by those respondent farmers who practice irrigation in the study area 
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Figure 5.  Labor and fertilizer costs invested per household for the production of oat-vetch  
                 fodder in Embahasti and Tsibet kebeles  
 
4.1.4.1. Type of Fodder Plants Introduced and Experience of Feeding 
 
In the study area the type of improved fodder crops introduced were oat-vetch, tree lucerne, 
elephant grass and Falaries grass. The common local feed resources were hay, cereal crop 
residue, vegetable residues and atela (liquid left over after preparing a local drinking from 
sorghum, maize, barley, finger millet crops).  All farmers feed introduced forage plants to their 
animals in some way or another. The ways of feeding, however, varied among the farmers. 
Majority of the farmers (65%) fed oat-vetch to their cow. This might be due to the need for high 
milk production. The other 22.5% and 12.5% of the respondents fed oat-vetch to their oxen and 
sheep respectively. Tree lucerne (77.8%) and elephant grass (70%) were mainly provided to 
oxen (Table 9). This also might be due to the fact that oxen are usually used for draught power 
hence they need more energy and these two feeds have high energy content and supply oxen with 
more energy to perform better on draught power. Separate feeding by the function or purpose of 
animal is a common practice and has production and reproduction benefits. Phalaris grass is 
introduced by a few farmers and all of them (100%) provide to their cow .Hay is also fed to all 
animals; however, 33.3% of the respondents fed hay only to their oxen before and after plowing 
land. Cereal crop residues, vegetable residues and atela are usually given to all types of animals.   
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Table 9. Feeding of improved fodder plants and local feeds to livestock types in the study area 
 
Feed type Livestock types 
 Cow Oxen Sheep All 
Oat-vetch 65.0 22.5 12.5 - 
Tree Lucerne - 77.8 22.2 - 
Elephant grass  20.0 70.0 10.0 - 
Falaries grass  100.0 - - - 
hay  5.6 33.3 11.1 50.0 
Cereal crop residue  12.5 2.5 12.5 72.5 
Vegetable crop residue - 10.0 5.0 85.0 
Atela - 11.8 5.9 82.4 
 
4.1.4.2. Fodder Feeding Practices 
 
There are five forms of fodder feeding practices in the study area (Figure 6). These include 
drying, wilting, feeding in its fresh state, mixing with others and chopping. Wilting form of 
feeding was the most common system for most of the fodder plants. This is because of that fresh 
fodder crops have high moisture content and if the animals fed in its fresh state it causes 
bloating. Moreover, wilting could also be a mechanism for reducing some anti-nutritional factors 
in different forage plants. Therefore, through wilting the farmers reduce the moisture content and 
anti-nutritional factors of the fodder crops to the minimum acceptable level and hence avoid 
bloating.     
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Figure 6. Fodder feeding strategies in the study area 
 
4.1.4.3. Seasons of Fodder Feeding 
 
Improved fodder crops including oat-vetch, tree lucerne and elephant grass were the principal 
supplementary feed resources mainly for cows and oxen in both dry and wet season. However, 
feeding sheep with these fodder crops was practiced by a few of the interviewed farmers in the 
study area. As reported by most of the respondents, oat-vetch, and tree lucerne and elephant 
grass were predominantly used as supplements of green feeds in dry season (Figure 7) because 
natural pastures are dried and lose their nutrient content in this season. However, for a 
considerable number of farmers these fodder crops were year round source of green 
(supplementary) feed sources. Oat-vetch was the most accessible fodder crop year round in most 
of the interviewed farmers as compared to the others and most of them fed for cows. This might 
be due to the interest of the farmers to collect more milk and produce more butter to sell for 
disposable cash incomes. 
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Figure 7. Season of feeding cultivated fodders in the study area according to the respondents 
 
4.2. Dry Matter Yields of Mixed Oat-Vetch  
 
The biomass yield of oat-vetch fodder (intercropped at a seeding ratio of 75% oat +25% vetch) 
was statistically significant (Table 10). The highest total oat-vetch mixture dry matter yield (8.71 
ton ha-1) was obtained from Embahasti while the lowest oat-vetch dry matter yield (6.48 ton ha-1) 
from Tsibet. In line to the present finding, FAO (2006) reported that in Ethiopia in suitable areas 
dry matter yields of oat–vetch mixtures are commonly 8–12 tonnha-1. Yields of improved pasture 
and forage grasses and legumes range from 6–8 tones and 3–5 tones dry matter ha-1 respectively; 
and for tree legumes 10–12 tones dry matter ha-1 (FAO, 2006). Similarly, the dry matter 
productivity of two year experiment year I (8.2 tonnha-1) and year II (3.7 tonnha-1) were obtained 
from a seeding rate of 75 kg ha-1 oat and 25kgha-1 vetch in Deara and Jabi Tehenan district of 
Amhara regional state (Yenesew et al., 2014). In contrast to the present result dry matter 
productivity of 6.5 ton ha-1 and 5.47 tonnha-1 from the mixture of 75% oat +25% vetch in a two 
year experiments conducted in Turkey were reported by Tuna and Orak, (2007) and  Kizilsimsek 
et al., (2009), respectively. This variation might be attributed to the difference in altitude, rainfall 
and soil nutrient between the study areas because these factors lead to variations both in quantity 
and quality of fodder plants (FAO, 2006). 
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Similarly there was statistical significant difference between the two kebeles on oat dry matter 
yield weighted separately. The highest oat dry matter yield (8.04 ton ha-1) was obtained from 
Embahasti while the lowest dry matter yield of oat (5.02 ton ha-1) was collected from Tsibet. 
This variation might be associated with the competitiveness of weeds because there were more 
weeds in Tsibet (0.42 ton ha-1) than in Embahasti (0.11 ton ha-1) as a result the growth rate of oat 
in Tsibet could be affected by the more weed population (Table 10). On the other hand it may be 
due to the difference in soil nutrient and water availability and/or rainfall of these kebeles which 
is required for oat production. Similarly, Tuna & Orak (2007) reported 6.8 ton ha-1dry matter 
yield a mean of two year experiment from pure oat in Turkey. In contrast, the dry matter 
productivity of two oat varieties CI-8251 (13.8 ton ha-1) and CI-8237 (12.7 ton ha-1) which is 
higher than the present finding from Emba-Alaje district Tigray regional state were reported 
(Yenesew et al.,2014). These variations might be associated with the difference in variety, soil 
fertility, moisture and management as well.  
 
Table 10. Dry matter yield (ton ha-1) of mixed stands of oats and common vetch (75% oat + 
25% vetch) 
Variables Kebele Grand 
mean 
 Embahasti Tsibet  
    
Oat-vetch mixture  8.71±1.51a 6.48±1.54b 7.6±1.87 
Oat in oat-vetch mixture 8.04±1.89a 5.02±1.52b 6.53±2.28 
Vetch in oat-vetch mixture 0.56±0.81a 1.05±1.42a 0.8±1.15 
Weed in oat-vetch mixture  0.11±0.13a 0.42±0.62a 0.26±0.46 
a,b means with different superscript letters across a row are significantly different at p<0.05 
 
 
 
 
 
 
 
 43 
 
4.3. Chemical Composition of Oat, Vetch and Weeds 
 
4.3.1. Dry Matter (DM) Content  
 
There was significant (P<0.05) difference between the fodder species in DM content (Table 11). 
The DM content of oat was significantly (P<0.05) higher than the DM content of both vetch and 
weeds. Bingol et al., (2007) reported 94.32% DM content of common vetch-barley mixture in 
Turkey which is similar to the DM content (94.4%) of oat-vetch mixture in the present study. 
(Umunna et al.,1997) reported 90.6% DM content of oat-vetch mixture in Debrezeit research 
center which is lower than DM content of oat-vetch mixture in the present study.  The DM 
content of 80.0% for oat-vetch silage in highlands of Mexico reported by (Garduño-Castro et 
al.,2009) is also lower than the present value.  
 
4.3.2. Ash Content  
 
There was significant (P<0.05) difference in Ash content among the fodder species (Table 11).  
As per the result of the experiment content of Ash in weeds was significantly (P<0.05) higher 
than content of Ash in both vetch and oat whereas content of Ash in oat was significantly 
(P<0.05) lower than content of Ash of both weeds and vetch. (Birhan, 2013) reported 11.21% 
Ash content of barley-vetch forage mixture in North Gonder which is higher than Ash content of 
oat-vetch mixture (8.9) in the present study. Kebede et al., (2014) reported 12.85% and 10.25% 
Ash content of smooth vetch-barley mixture and Hungarian vetch-barley forage mixture in 
Japan, respectively which is also higher than Ash content of oat-vetch mixture from the  present 
study.   
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4.3.3. Organic Matter (OM)  
 
The OM content of vetch had shown significant (P<0.05) difference among the fodder species 
(Table 11). OM content of oat was significantly (P<0.05) higher than OM content of both vetch 
and weeds whereas content of OM of weeds was significantly (P<0.05) lower than content of 
OM of both oat and vetch. Bingol et al, (2007) reported 90.93% OM content of common vetch-
barley mixture in Turkey which is in line to the DM content (91.1%) of oat-vetch mixture in the 
present study. Umunna et al., (1997) reported 91.0% OM content of oat-vetch mixture in 
Debrezeit research center which is in agreement with OM content of oat-vetch mixture in the 
present study.          
 
4.3.4. Crude Protein (CP)  
 
Crude protein content of forage is one of the most important criteria for forage quality evaluation 
(Assefa and Ledin, 2001). There was significant (P<0.05) difference among the fodder species in 
CP content (Table 11). CP content of vetch was significantly (P<0.05) higher than CP content of 
both oat and weeds whereas CP content of oat was significantly (P<0.05) lower than CP content 
of both vetch and weeds. The CP content of 10.1% for oat-vetch silage in highlands of Mexico 
(Garduño-Castro et al., 2009) is in line to the present value. Erol et al. (2009) reported 13.4% CP 
content of 75% oat and 25% vetch mixture in Turkey which is higher than the present result of 
11.9% CP content and 8. 48% CP content of oat pure stand and 22.29% CP content of vetch pure 
stand which are higher than 7.71% CP content of oats in oat-vetch mixture and 16% CP content 
of vetch in oat-vetch mixture of present study. Similarly Ijaz and Rasheed, (2015) reported 
17.5% CP content of oats and 22.65 % CP content of Vetch in oat-vetch mixture in Pakistan 
which is also higher than CP content of oat and vetch in oat-vetch mixture of present study. 
Birhan (2013) reported 16.32% CP content of barley-vetch forage mixture in North Gonder 
which is also higher than CP content of oat-vetch mixture in the present study.      
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4.3.5. NDF Content  
 
NDF concentration is the other important quality characteristics for forages (Assefa & Ledin, 
2001). There was significant (P<0.05) difference among the fodder species in NDF content 
(Table 11).  In this experiment it had shown that NDF content of oat was significantly (P<0.05) 
higher than NDF content of both vetch and weeds. The NDF content of 65.8% for oat-vetch 
mixture in Debrezeit research center (Umunna et al., 1997) agreed with the present value. Erol et 
al. (2009) reported 50.4% NDF content of 75% oat and 25% vetch mixture in Turkey which is 
lower than the NDF content of oat-vetch mixture (65.9) in present study and 53.3% NDF content 
of oat pure stand and 40.6% NDF content of vetch pure stand which are in line with the NDF 
content of oats and vetch in oat-vetch mixture obtained in the present study. Ijaz and Rasheed 
(2015) also reported 49.38% NDF content of oats and 40.58% NDF content of Vetch in oat-
vetch mixture in Pakistan which is lower than NDF content of oat and vetch in oat-vetch mixture 
of present study. Birhan, (2013) reported 54.98% NDF content of barley-vetch forage mixture in 
North Gonder which is also lower than NDF content of oat-vetch mixture in the present study.  
 
4.3.6. ADF Content  
 
ADF concentration is also the other important quality characteristics for forages (Assefa & 
Ledin, 2001). In this experiment there was significant (P<0.05) difference among the fodder 
species in ADF content (Table 11).  The ADF content of oat was significantly (P<0.05) higher 
than ADF content of both vetch and weeds while content of ADF of weeds was significantly 
(P<0.05) lower than content of ADF of both oat and vetch. The ADF content of 40.0% for oat-
vetch mixture in Debrezeit research center reported by Umunna et al., (1997) disagreed with the 
present value. Erol et al., (2009) reported 35.2% ADF content of 75% oat and 25% vetch mixture 
in Turkey which is lower than the ADF content of oat-vetch mixture (45.9) in present study. He 
also reported 39.0% ADF content of oat pure stand and 32.5% ADF content of vetch pure stand 
which is lower than the ADF content of oats and vetch in oat-vetch mixture obtained in the 
present study. Similarly Ijaz and Rasheed (2015) reported 34.05% ADF content of oats and 
31.58 % ADF content of Vetch in oat-vetch mixture in Pakistan which is also lower than ADF 
content of oat and vetch in oat-vetch mixture of present study. Birhan, (2013) reported 39.9% 
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ADF content of barley-vetch forage mixture in North Gonder which is also lower than ADF 
content of oat-vetch mixture in the present study.    
 
Table 11. Dry Matter content (DM %), Ash, Organic matter (OM%), Crude protein content 
(CP%) of  oat, vetch and weeds in the mixed intercropping of 75% oat-25% vetch seeding rate 
 
Nutrient 
composition  
(mean ± SD) 
Fodder species Grand mean 
Oats in oat-
vetch mixture  
Vetch in oat-
vetch mixture  
Weeds in oat-
vetch mixture  
DM 95.0± 0.30a 93.9 ±0.52b 94.2±0.67b 94.40±0.69 
ASH 4.12± 1.36c 10.6 ±1.95b 13.7±1.99a 8.90±4.33 
OM 95.9 ±1.36a 89.4 ±1.95b 86.3±1.99c  91.10±4.33 
CP 7.71±1.43c 16.0 ±2.27a 11.9±6.07b 11.90±4.93 
NDF 79.3±2.14a 55.8 ±3.20b 60.9±10.6b 65.90±12.1 
ADF 54.4±2.76a 43.4 ±1.61b 36.2 ±5.49c 45.90±8.01 
ADL 6.82±0.82a 6.58±0.72a 4.19 ±1.34b 6.10±1.42 
TIVOMD 50.9 ±0.92b  65.2 ±2.51a 67.1±8.11a 60.20±8.49 
MJ.ME.kg.DM 8.21 ±0.06c  9.51 ±0.49a 8.81 ±0.71b 8.85±0.73 
a,b,c means with different superscript letters across a row are significantly different at p<0.05 
 
4.3.7. ADL Content  
 
There was significant (P<0.05) difference among the fodder species in ADL content (Table 11). 
ADL content of both oat and vetch was significantly (P<0.05) higher than ADL content of 
weeds. This variation might be attributed to the difference in lignin content of the cell walls of 
the fodder species. Umunna et al., (1997) reported 3.7% ADL content of oat-vetch mixture in 
Debrezeit research center which is lower than ADL content of oat-vetch mixture in the present 
study. However, the ADL content of 12.4% for oat-vetch silage in highlands of Mexico reported 
by (Garduño-Castro et al., 2009) is higher than the present value.          
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4.3.8. TIVOMD Content  
 
There was significant (P<0.05) difference among the fodder species in TIVOMD content (Table 
11). TIVOMD content of both vetch and weeds was significantly (P<0.05) higher than TIVOMD 
content of oat. Birhan (2013) reported 61.33% TIVOMD content of barley-vetch forage mixture 
in North Gonder which is higher than TIVOMD content of oat-vetch mixture (60.2%) in the 
present study.          
 
4.3.9. Metabolisable Energy (ME) Content  
 
There was significant (P<0.05) difference in the ME content among the fodder species (Table 
11). The ME content of vetch was significantly (P<0.05) higher than that of both oat and weeds, 
whereas ME of oat was significantly (P<0.05) lower than that of both vetch and weeds. Birhan 
(2013) reported 4.50 Mcal ME per kg of barley-vetch forage mixture in North Gonder which is 
lower than MJ.ME.kg (8.85) of oat-vetch mixture in the present study.  
 
Generally the current study result indicted that different fodder plant species have different 
chemical composition. The main difference is most probably, because of difference in species 
type as it is also indicated in (Talore, 2015).  
 
4.4. Effect of Improved Fodder Crops in the Performance of Livestock 
 
The interviewed farmers gave their responses about effect of oat-vetch, tree lucerne, and alfalfa 
and elephant grass in milk production, body weight gain, draught power, health condition, skin 
shines and smoothness and feed intake traits of their livestock. According to their assessment 
result all of the interviewed farmers reported that these fodder crops had positive effect on the 
above listed traits of their animals. 
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4.4.1. Body Weight Gain 
 
There was no significant difference (P>0.05) in initial and final body weight, and average daily 
gain between the cow and oxen. However, there was significant difference (P<0.05) in initial and 
final body weight between cattle breed (Table 12).  The significantly higher body weight of 
crossbreeds in initial and final body weight might be attributed to breed effect. The average daily 
gain of sheep obtained in present study was 88.9g. This result was higher than the value of 
highland sheep supplemented with 225g wheat bran + 25g molasses fed on basal diet of hay 
gained 70.79g; Horo sheep supplemented with 300g wheat bran gained 39.50g and highland 
sheep supplemented with 400g Acacia saligna + 200g wheat bran gained 57.78g which was 
reported by Beyene (2014), Takele and Getachew (2001) and Gebreslassie (2012), respectively.   
 
Table 12. Body weight gain of cattle and sheep fed on basal diet crop residue and                     
                Supplemented with oat-vetch mixed hay 
 
Animals Body weight gain 
Initial body 
weight (kg) 
Final body 
weight (kg) 
Total body weight 
gain (kg) 
Average daily 
gain (g) 
Herd composition      
Cow 276±56.4 294±50.9 17.6±20.0 293±333 
Oxen  258±49.2 274±46.0 15.9±5.17 265±86.1 
Sheep  19.7±2.53 25.0±4.58 5.33±2.08 88.9±34.7 
Breed      
  Crossbreed cattle  333±19.6a 342±15.0a 18.4±14.7 307±246 
  Local cattle  250±42.7b 269±40.9b 9.67±4.62 161±77.0 
  Local sheep  19.7±2.53 25.0±4.58 5.33±2.08 88.9±34.7 
a,b, means with different superscript letters across a column are significantly different at p<0.05 
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4.4.2. Milk Yield 
 
There was significant (P<0.05) difference in final daily milk yield and average additional daily 
milk yield between the breeds (Table 13). The significantly higher value of final daily milk yield 
and average additional daily milk yield was obtained from crossbreed cows. This indicates that 
with supplying adequate quantity and quality feed together with good management crossbreeds 
produce more milk than local cows. On the other hand cross breeds may have better feed 
conversion efficiency to milk production than local breeds. The daily milk yield of crossbreed 
cows obtained in this study was lower than the daily milk yield of crossbreed cows supplemented 
with Urea-Molasses Treated Wheat Straw (UMTWS) ad libitum  + 25% of the concentrate mix 
replaced by vetch hay which was 6.54 kg/day reported by Getu et al.(2014). 
 
Table 13.  Milk yield of cattle fed on basal diet crop residue and supplemented with oat-vetch    
                mMixed hay. 
 
Treatments Milk Yield 
 Initial 
daily milk 
yield 
(Litter) 
Final daily 
milk yield 
(Litter) 
increases in milk 
yield per cow or per 
total experimental 
days  
daily additional 
milk yield 
(litter) 
Breed      
  Crossbreed cow  3.0±1.0 5.33±1.04a 140±17.3a 2.33±0.29a 
  Local cow  1.75±0.5 2.75±0.65b 60.0±24.5b 1.00±0.41b 
a,b, means with different superscript letters across a column are significantly different at p<0.0 
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5. CONCLUSIONS AND RECOMMENDATION 
 
5.1. Conclusions 
 
The feed resources available to livestock in the study area were crop- residue (cereal and pulse 
crop residue), stubble grazing, natural pasture (both private and communal grazing land), weeds 
and improved fodder crops dominantly oat-vetch through cut and carry system. However, crop 
residues and green grass from natural pasture were major feed resources. In majority of the 
respondents there was feed shortage to their animals and the reasons for shortage feed were 
shortage of land both crop and natural pasture land, shortage of rainfall, and poor feed 
management and inappropriate feeding system. To solve the feed shortage the farmers used two 
major coping mechanisms which are purchasing of feed and selling of older and unproductive 
animals. In addition the farmers cultivated improved fodder crops in their backyard and farm 
land through irrigation.  
 
The major improved fodder crops introduced and cultivated were oat-vetch, elephant grass, 
alfalfa and tree Lucerne. But dominantly the farmers were providing oat-vetch to their animal 
through cut and carry system. All respondents feed introduced forage plants to their animals 
based on the function or purpose of animal they kept. Five strategies of fodder feeding are 
reported which are drying, wilting, feeding in its fresh state, mixing with others and chopping. 
Wilting form of feeding was the most common system for most of the fodder plants to avoid 
bloating of animals. In this study it was observed that supplementation of improved fodder crops 
particularly oat-vetch increase average daily Weight gain and milk production. Therefore to 
improve the productivity of livestock and reduce feed shortage problems smallholder farmers 
should be encouraged to adopt cultivation of improved fodder crops at a wider scale.  
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5.2. Recommendations 
 
In this study it was indicated that the price of feeds is increasing from time to time and rate of 
feed shortage is also increasing from year to year. Therefore, the development of fodder plants, 
such as herbaceous forage legumes and grass and fodder trees species which can mitigate the 
constraints of feed scarcity is recommended. 
 
Similarly chemical treatment like urea treatment should also be promoted to improve palatability 
and digestibility of crop residues.   
 
To reduce the feed shortage and expensive price of feeds and improve livestock productivity 
smallholders should be encouraged to develop improved fodder plants.  
 
Smallholder farmers are always faced feed shortage during dry season. Therefore, it is advisable 
that farmers should practice destocking of older and unproductive animals at this season. 
 
Further research on feeding trial of oat-vetch supplementation/replacement of concentrate feed 
resources should be carried out.  
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Appendixes 
1. Analysis of Variance for estimated Wheat yield 
 
Source DF Sum of square                                 Mean Square F Value     Pr > F 
 
      
Model 1 1.7154039        1.7154039        0.12     0.7327 
Error 29 418.3329832       14.4252753   
Total 30 420.0483871    
 
2. Analysis of Variance for estimated Barley yield 
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Source DF Sum of square Mean Square   F Value     Pr > F 
      
Model 1 0.625000         0.625000        0.02     0.8794 
Error 38 1018.150000        26.793421   
Total 39 1018.775000    
 
3. Analysis of Variance for estimated broad bean yield 
 
Source DF Sum of square Mean Square   F Value     Pr > F 
      
Model 1 2.54696970       2.54696970        0.79     0.3901 
Error 13 41.88636364       3.22202797   
Total 14 44.43333333    
 
 
 
 
 
 
4. Analysis of Variance for estimated Field Pea yield 
 
Source DF Sum of square                                 Mean Square F Value     Pr > F 
 
      
Model 1 8.46886447       8.46886447        5.73     0.0356 
Error 11 16.26190476       1.47835498   
Total 12 24.73076923    
 
5. Analysis of Variance for estimated Sasila yield 
 
Source DF Sum of square              Mean Square     F Value     Pr > F 
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Model 1 867.000000       867.000000       22.40     0.0008 
Error 10 387.000000        38.700000   
Total 11 1254.000000    
 
 
6. Analysis of Variance for estimated Sasila yield 
 
Source DF Sum of square              Mean Square   F Value     Pr > F 
 
      
Model 1 1.60714286       1.60714286        2.91     0.1137 
Error 12 6.62500000       0.55208333   
Total 13 8.23214286    
 
 
 
7. Analysis of Variance for price/quintal 
 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 4 311665.4327       77916.3582       66.41     <.0001 
Error 97 113812.8908        1173.3288   
Total 101 425478.3235    
 
8. Analysis of Variance for Oat Dry Matter Yield (DMY) t/h  
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Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 1 36.39105625      36.39105625       12.35     0.0034 
Error 14 41.24948750       2.94639196   
Total 15 77.64054375    
 
9.  Analysis of Variance for Vetch Dry Matter Yield (DMY) t/h  
 
Source DF Sum of square                                 
 
Mean
Square     
F Value     Pr > F 
 
Model 1 0.93122500       0.93122500        0.69     0.4187 
Error 14 18.77555000       1.34111071   
Total 15 19.70677500    
 
 
 
 
 
10. Analysis of Variance for Weed Dry Matter Yield (DMY) t/h  
 
Source DF Sum of square                               Mean Square     F Value     Pr > F 
 
Model 1 0.38130625              0.38130625 1.88     0.1921 
Error 14 2.84248750       0.20303482   
Total 15 3.22379375    
 
11. Analysis of Variance for Oat Dray Matter (DM) %  
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Source DF Sum of square                                Mean Square     F Value     Pr > F 
 
Model 1 45.0241000       45.0241000        8.85     0.0100 
Error 14 71.2367111        5.0883365   
Total 15 116.2608111    
 
 12. Analysis of Variance for Vetch Dry Matter (DM) %  
 
Source DF Sum of square                              Mean Square     F Value     Pr > F 
 
Model 1 19.8504029       19.8504029        0.51     0.4857 
Error 14 542.0149493       38.7153535   
Total 15 561.8653522    
 
 
 
 
 
 
 
13. Analysis of Variance for Weed Dry Matter (DM)% 
 
 
Source DF Sum of square                                 
 
Mean Square   F Value     Pr > F 
 
      
Model 1 4.1260566        4.1260566        0.06     0.8201 
Error 8 597.6872517       74.7109065   
Total 9 601.8133082    
 
14. Analysis of Variance for Dry matter (DM)% content of oat, vetch and weeds 
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Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 10.37418398       3.45806133       13.97     <.0001 
Error 38 9.40801182       0.24757926   
Total 41 19.78219580    
 
15. Analysis of Variance for ASH %content of oat, vetch and weeds 
 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 657.2167367      219.0722456       74.30     <.0001 
Error 38 112.0385162        2.9483820   
Total 41 769.2552530    
 
 
 
 
16. Analysis of Variance for organic matter (OM) % content of oat, vetch and weeds 
 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 657.2166699      219.0722233       74.30     <.0001 
Error 38 112.0390047        2.9483949   
Total 41 769.2556746    
 
 
17. Analysis of Variance for crude protein (CP) %content of oat, vetch and weeds 
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Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 555.8695947      185.2898649       16.00     <.0001 
Error 38 440.0773972       11.5809841   
Total 41 995.9469919    
 
18. Analysis of Variance for Nutrient Detergent Fiber (NDF) %content of oat, vetch and 
weeds 
 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 4774.154498      1591.384833       50.12     <.0001 
Error 38 1206.466076        31.749107   
Total 41 5980.620574    
 
 
 
 
19. Analysis of Variance for Acid Detergent Fiber (ADF) %content of oat, vetch and weeds 
 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 2207.968306       735.989435       66.60     <.0001 
Error 38 419.933940        11.050893   
Total 41 2627.902245    
 
20. Analysis of Variance for Acid Detergent lineging  (ADL) %content of oat, vetch and 
weeds 
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Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 49.07455175      16.35818392       18.68     <.0001 
Error 38 33.26801031       0.87547396   
Total 41 82.34256206    
 
21. Analysis of Variance for (TIVOMD) %content of oat, vetch and weeds 
 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 2256.255470       752.085157       41.03     <.0001 
Error 38 696.513794        18.329310   
Total 41 2952.769264    
 
 
 
 
 
22. Analysis of Variance for MJ ME/kg DM %content of oat, vetch and weeds 
 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 13.83623406       4.61207802       21.56     <.0001 
Error 38 8.12995997       0.21394631   
Total 41 21.96619402    
 
23. Analysis of Variance for Initial body weight 
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Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 20184.30882       6728.10294        4.35     0.0299 
Error 11 17015.29118       1546.84465   
Total 14 37199.60000    
 
24. Analysis of Variance for Final body weight    
 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 17252.21471       5750.73824        4.33     0.0303 
Error 11 14613.38529       1328.48957   
Total 14 31865.60000    
 
 
 
 
 
25. Analysis of Variance for Total body weight gain 
 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 474.933333       158.311111        0.82     0.5093 
Error 11 2122.400000       192.945455   
Total 14 2597.333333    
 
26. Analysis of Variance for Average daily body weight gain 
 
 70 
 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 0.13192593       0.04397531        0.82     0.5093 
Error 11 0.58955556       0.05359596   
Total 14 0.72148148    
 
27. Analysis of Variance for Average daily body weight gain (g) 
 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 3 131925.9259       43975.3086        0.82     0.5093 
Error 11 589555.5556       53595.9596   
Total 14 721481.4815    
 
 
 
 
 
 
 
 
28. Analysis of Variance for Initial milk yield 
 
Source DF Sum of square                                 
 
Mean Square  F Value     Pr > F 
 
Model 2 2.82857143       1.41428571        2.18     0.2294 
Error 4 2.60000000       0.65000000   
Total 6 5.42857143    
 
29. Analysis of Variance for final milk yield 
 
Source DF Sum of square                                 Mean Square  F Value     Pr > F 
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Model 2 12.50714286       6.25357143       10.64     0.0250 
Error 4 2.35000000       0.58750000   
Total 6 14.85714286    
 
30. Analysis of Variance for total additional milk yield 
 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 2 12471.42857       6235.71429       27.71     0.0045 
Error 4 900.00000        225.00000   
Total 6 13371.42857    
 
31. Analysis of Variance for average daily total additional milk yield 
Source DF Sum of square                                 
 
Mean Square     F Value     Pr > F 
 
Model 2 3.46428571       1.73214286       27.71     0.0045 
Error 4 0.25000000       0.06250000   
Total 6 3.71428571    
Appendix Questionnaires for the survey 
Mekelle University 
College of Dry land Agriculture And Natural Resources 
Department of Tropical Land Resource Management 
Household Survey Questionnaire Designed to Collect Data on 
Effect of Improved Fodder Production on Livestock Productivity Livelihood 
of smallholders. 
General Information 
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1. Household  
1.1.  Region------------zone---------District ___________ Kebele ____________ 
1.2.  Name of Household head ------------------ (code) ----------- Gender------------Age--
- 
1.3.  Household size ------------------male-------female--------- 
1.4.  Educational status.  
A. . Illiterate                    D. Secondary School  
B. .  Read and write only E. above Secondary School      
C. . Primary school   
1.5. What is main economic activity (source of income)?  
A. livestock production          D. Trade 
B. dairy farming                     E. mixed farming  
C. Cultivation of land             F. others (specify)  
2. Land holding and land use system 
No  Types of land use Own 
(Timad) 
Rent 
(Timad) 
Total 
(Timad) 
1 Cultivated(Food crop production) land     
2 Grazing land    
3 Homestead land     
4 Forest and woodland     
5 Unused land (Fallow land)    
6 Fodder crop production    
7 Other (specify)    
     
     
     
8 Total land holding    
 
3. Major crops grown and estimated yields in last year  
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Type of crop  Area covered in 
‘Timad’  
Estimated grain 
yield (quintal)  
Remarks  
Wheat    
 Barley    
Teff    
Broad bean     
Field Pea     
Haricot bean    
Chick pea    
oil seed    
Maize     
Sorghum    
Others (specify)    
    
 
 
 
 
3. Type and number of livestock you have 
 
Type of animal  Total Purpose of 
production  
Type of animal Total Purpose of 
production 
Milking cows 
(local)  
   Goats   
Milking cows 
(crossbred)  
   Donkey    
Oxen   Horse   
Calves male   Poultry   
Calves female   Chicken   
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Heifers    bee colony   
Bulls   Others    
Sheep      
      
 75 
 
4. Livestock size at this time and its income and expenditure in 2008 E.C 
S.
N 
Livestock type 
and animal 
products and by-
products 
Amount (number 
,kg, litter) 
Income from livestock 
sells in ETB. 
Income 
from animal 
products 
Labor 
input 
Animal feed 
expenditures 
Veterinary 
expense in 
birr 
Other 
(specify)  
No of animal 
sell 
 
ETB 
kg/ 
liter 
ET
B 
No  
day
s 
ET
B 
 Price 
per 
quintal 
Total 
cost   
1 Oxen 
           
2 Oxen rent (draft) 
           
 Cows 
           
3 Heifer  
           
4 Calf  
           
5 Sheep  
           
6 Goats 
           
7 Donkey  
           
8 Chicken  
           
9 Milk  
           
10 Butter  
           
11 Cheese  
           
12 Others (specify) 
           
13 Draft rent 
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5. Feeding management of animals 
5.1. What do you feed animals at different months?  
Type of 
feed  
Sep Oct  Nov  Des  Jan  Feb  Mar  Apr  May  Jun  Jul Aug  
Private 
grazing  
            
Communal 
Grazing 
            
Cereal crop 
residue 
            
Pulse crop 
residue 
            
Cut-and-
carry  
            
Weeds 
from crop 
lands 
            
Stubble 
grazing 
            
Others 
(specify) 
            
             
             
 
5.2. During which part of the year you face feed shortages 
Type of 
animal 
Type of 
fodder  
Sep Oct  Nov  Des  Jan  Feb  Mar  Apr  May  Jun  Jul Aug  
Cattle              
Shoat              
Equines               
Others               
              
5.3. What measures do you take to cope with the feed shortage 
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 A. Purchase concentrates B.  Purchase forage (rent grazing land)   
C. use crop residues   D. Reduction of stock   E. fodder trees   
 F.  Other (specify) ------- 
5.4. What is the reason of animal feed shortage? 
 Shortage of water     B. shortage of land     C. shortage of improved fodder    
D. Improper of management E. other specify  
5.5.  Is there a market for livestock feed in the area?  
        A. Yes              B. No 
5.6.  If yes, do you buy from the market for your livestock 
 A. Yes              B. No  
5.7.  If yes to 4.5, how much money do you spend annually for feed? _______ 
5.8.  If yes to 4.5, do you sale feed to the market?  
A. Yes            B. No  
5.9.  If yes to 4.5, complete the following 
No   Type of feeds available in the market Season  price per quintal Remark 
1 Hay    
2 Green feed    
3 Cereal crop residue    
4 Pulse crop residue    
5 Wheat bran    
6 Oil seed cakes     
7 Mixed concentrate    
 
5.10.   How do you store crop residues? 
A. Stacked outside    B. stacked under shade C. baled outside D. baled under 
shade   E. other (Specify) 
5.11. For how long do you store crop residue before feeding?  
A.  soon after collection   B. one month after collection C. two months after 
collection D. Over two months after collection  
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5.12. In what form do you feed your crop residue?  
A.  Whole     B. chopped                 C. treated (urea treatment)   
D. mixed with other feeds   E. other (specify) --- 
5.13. Do you use irrigation?  
A. Yes                           B. No 
5.14. If yes which products do you produce with it?  
A. food crops   B. animal fodder   C. mainly food crops then crop residues  
D. Vegetables and vegetable residues as animal feed    E.  other (specify) 
5.15. Do you plant improved fodder crops? 
5.16. A. Yes                             B. No  
5.17. If  yes, which fodder crops and what is your land size per Timade and costs of plantation  
5.18. . If you do not plant improved fodder crops, what do you think are the major 
reasons?  
A. Insufficient land                                D. Insufficient draft animal power  
B. Insufficient labor                               E. Feed for animals is adequate C. 
Insufficient inputs (seed, fertilizer, and cash)          F. Insufficient information G. 
Others (specify) ---------------------------------------------------------------------- 
5.19. What is the source of seeds or seedlings for the fodder crops?  
A.  Purchased          B. Produced on farm C. obtained as gift D. other (specify) 
5.20. Do you feed your animals cultivated fodders 
A. Yes                           B. No  
5.21. What type of fodder plants do you use for your animals  
Types of fodder Remark 
No  Types of 
fodder 
crops  
Strategy 
/introdu
ction/ 
Area/plot 
size for 
fodder  
(timade) 
Estimate
d yield 
per 
kasha or 
timade  
Cost of product   
Water  Labor Treat
ment   
Seed 
and 
fertilizer    
Total cost 
          
          
          
 79 
 
Introduced fodder plants    Type of animals Indigenous fodder plants Type of animals 
     
     
     
     
     
     
     
 
5.22. When do you feed Introduced fodder plants?  
Type of 
fodder 
Type of  
animal 
Sep  Oct  Nov  Des  Jan  Feb  Mar  Apr  May  Jun  Jul Aug  
              
              
              
5.23. In what form and which group of animal do you feed Introduced fodder plants   to 
your animals?  
Type of fodder Type of animals  Feeding systems Remark  
Drying Wilting Mixing Fresh Chopped Other  
         
         
         
5.24. Have you observed change in the performance of the animal(s) feeding the 
improved fodder plants?           A. Yes                                        B. No   
 
 
 
 
 
 80 
 
5.25. If yes, what do you change  performance of your animals  
Type of 
animal 
Type 
of 
fodder 
Change of animals  
Product 
of milk 
Fatteni
ng  
Power 
of oxen 
Health  Skin 
smooth  
fertility palatabi
lity 
Rumen 
fill 
No 
change 
  0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 
                             
                             
                             
NB; 0= no change, 1= increase -1= decrease  
 
 
